A. The sequence of the RNA duplex containing the natural sequence k-turn. Other substitutions were included as indicated.
Figure S2, related to Figure 3. Isothermal titration analysis of SAM binding to the natural sequence riboswitch and further variants with k-turn substitutions.
A solution of SAM was titrated into a SAM-I riboswitch RNA solution, and the heat evolved was measured by ITC as the power required to maintain zero temperature difference with a reference cell. Integration over time gives the heat required to maintain thermal equilibrium between cells. In each case the upper panel shows the raw data for sequential injections of 8 µL volumes (following an initial injection of 1 µL) of a 100 µM solution of SAM into a 1.4 mL 10 µM RNA solution in 50 mM HEPES (pH 7.5), 100 mM KCl, 10 mM MgCl 2 . This represents the differential of the total heat (ie enthalpy ∆H° under conditions of constant pressure) for each SAM concentration. The lower panels present the integrated heat data fitted (where possible) to a single-site binding model. The thermodynamic parameters calculated are summarized in Table S2 . The ITC analysis was performed for the SAM-I riboswitch in which the k-turn sequence was modified as follows:
B. The A1nC, G2nU, G3nU triple substitution. These changes convert the k-turn into a simple threenucleotide bulge. 
0.9 ± 0.1 110 ± 12 0.19 ± 0.02 concentration. This can therefore be regarded as essentially not folded. The geometric analysis of the structures calculated using MolProbity are comparable with that of the previously reported natural structure. The clash score of the stuctures presented is better than that of the natural sequence which is also reflected in the 97 th and 99 th percentile for these structures compared with the 44 th percentile for the natural structure. Similarly both structures presented here perform better in terms of the sugar puckers. For the backbone conformations the G2nA structure performs better than the natural structure while the G2nU, G3nU structure performs less well. Both in terms of bond length and angle deviations the natural structure reported by Montange and coworkers (2010) yields better statistics than the structures reported in this work. In conclusion the mutant structures perform overall comparable with the previously reported natural structure.
SUPPLEMENTAL EXPERIMENTAL PROCEDURES

RNA preparation
RNA oligonucleotides were synthesized using t-BDMS phosphoramidite chemistry (Beaucage and Caruthers, 1981), as described in Wilson et al. (Wilson et al., 2001 ).
Fluorescein and Cy3-conjugated oligonucleotides were attached at 5'-termini as phosphoramidites during synthesis as required. Oligoribonucleotides were deprotected in 25% ethanol/ammonia solution at 65°C for 1 h, and evaporated to dryness. They were redissolved in 300 µL 1 M tetrabutylammonium fluoride (Aldrich) in tetrahydrofuran to remove t-BDMS protecting groups, and agitated at 20°C for 16 h prior to desalting by G25 Sephadex (NAP columns, Pharmacia) and ethanol precipitation. All oligonucleotides were purified by gel electrophoresis in polyacrylamide, and recovered from gel fragments by electroelution or diffusion in buffer followed by ethanol precipitation. Fluorescentlylabeled RNA was subjected to further purification by reversed-phase HPLC on a C18
column (ACE10, Advanced Chromatography Technologies) using an acetonitrile gradient with an aqueous phase of 100 mM triethylammonium acetate pH 7.0. Duplex species were annealed in 50 mM Tris-HCl (pH 7.5), 25 mM NaCl by slow cooling from 90 to 4°C, and purified by electrophoresis.
SAM-I RNA (having the sequence from the PDB file 3gx5) was transcribed from a PCRamplified template. The PCR was carried out using the primers (all sequences written 5' to 3'): 
Fluorescence spectroscopy
Absorption spectra were measured in 90 mM Tris-borate (pH 8.3) in 120 µL volumes using a NanoDrop 2000C spectrophotometer (Thermo Scientific). Spectra were deconvoluted using a corresponding RNA species labeled only with Cy3, and fluorophore absorption ratios calculated using a MATLAB program. Fluorescence spectra were recorded in 90 mM Tris-borate (pH 8.3) at 4°C using an SLM-Aminco 8100 fluorimeter.
Spectra were corrected for lamp fluctuations and instrumental variations, and polarization artifacts were avoided by setting excitation and emission polarizers crossed at 54.7°.
Values of FRET efficiency (E FRET ) were measured using the acceptor normalization method (Clegg, 1992) implemented in MATLAB. E FRET as a function of metal ion concentration was analyzed on the basis of a model in which the fraction of folded molecules corresponds to a simple two-state model for ion-induced folding, ie
where E 0 is the FRET efficiency of the RNA in the absence of added metal ions, ∆E FRET is the increase in FRET efficiency at saturating metal ion concentration, [M] is the prevailing Mg 2+ ion concentration, K a is the apparent association constant for metal ion binding and n is a Hill coefficient. Data were fitted to this equation by nonlinear regression. The metal ion concentration at which the transition is half complete is given
The sequences used in the FRET analyses were :
bulged strand: Fluorescein-CCAGUCAGUCCCGACGAAACCUGUCAGG non-bulged strand: Cy3-CCUGACAGGUGGAGGGACUGACUGG Nucleotide substitutions were introduced as required.
Isothermal titration calorimetry
Microcalorimetric measurements of SAM binding to the SAM-I riboswitch and variants were performed by isothermal titration calorimetry (ITC) using a MicroCal VP-ITC (GE Healthcare) at 30°C as described by Montange et al (Montange et al., 2010) . The sequence of the SAM-I riboswitch was GGCUUAUCAAGAGAGGUGGAGGGACUGGCCCGACGAAACCCGGCAACCAG AAAUGGUGCCAAUUCCUGCAGCGGAAACGUUGAAAGAUGAGCCG together with substitutions noted in the text. This sequence has two modifications used to aid crystallization, but we term this the natural sequence in this paper. A solution of 100 µM SAM (Sigma) were injected into the cell containing 1.4 mL of 10 µM SAM-I riboswitch RNA that had been dialyzed against 50 mM HEPES (pH 7.5), 100 mM KCl, 10 mM MgCl 2 . Following a preliminary 1 µL injection, 35 repetitions of 8 µL aliquots of SAM were injected. Calorimetric data were fitted to a single-site binding model, where possible, using MicroCal ORIGIN software. Individual heat changes ∆Q at constant pressure are given by :
where ΔH is the change in enthalpy, v is the reaction volume, K a is the association constant for SAM binding, and [SAM] i is the SAM concentration at the i th injection
Each titration was performed three times and ∆H° and ∆S° values were averaged. Free energy (∆G°) and the dissociation constant for SAM binding (K d ) were calculated from :
where R is the gas constant and T is the temperature (K).
X-ray crystallography
The SAM-I riboswitch variants were crystallized using the hanging drop method. Crystal plates were set up by mixing 1 µL of mother liquor with 1 µL of 400 µM RNA plus 1 mM SAM (Sigma Aldrich) in 40 mM Na-cacodylate (pH 7.0). Drops were seeded using the micro seeding technique with a seed stock obtained from crystal plates containing the unmodified RNA. The mother liquor of the drop that yielded the crystal of the G2nU, were collected on ID14-4 (G2nU, G3nU) and BM-14 (G2nA) at the European Synchrotron Radiation Facility in Grenoble, France. Data were indexed, integrated and scaled using HKL2000 (Otwinowski et al., 2003) for G2nU, G3nU and MOSFLM/Scala for the G2nA structure from the CCP4 suite of programs (CCP4, 1994) . Both structures were solved by performing a molecular replacement using with the RNA plus SAMligand structure PDB entry 3gx5 (Montange et al., 2010 ) as a preliminary model. The structures were refined using REFMAC5 from the CCP4 suite of programs, and the model was built using COOT (Emsley and Cowtan, 2004) . The composite omit map was calculated using Phenix (Adams et al, 2010) 
